For six months before admission he had complained of productive cough, mucopurulent sputum, and dyspnoea on exertion. He was compelled to stop work because of his symptoms 24 months after starting employment at the factory. As the result of a chest radiograph he was admitted to hospital in November, 1952, for observation.
In hospital clinical examination of the respiratory system revealed sibilant rhonchi, scattered areas of bronchial breathing, and impaired resonance in both lungs. He was apyrexial but dyspnoeic, especially on exertion, with cyanosis of the extremities. He had a productive cough and the sputum contained small grey bodies composed of talc. All sputum tests were consistently negative for M. tuberculosis by direct concentration, culture, and guinea-pig inoculation.
A full blood count was normal.
There was a rise in the sedimentation rate (30 in the first hour, 50 in the second, and 96 in 24 hours by the method of Westergren).
The pulse rate was usually 75 per minute at rest. The blood pressure was 125/80 mm. Hg. The electrocardiogram was normal.
A radiograph in November, 1952, showed numerous nodular shadows in both lungs, confluent in some areas. The general condition of the patient at this time belied the widespread radiological extent of the lesions. A radiograph taken in March, 1953 , and all the radiographs and tomograms taken at intervals of one, two, or three months showed that the disease progressed from nodule type to " tumour-like " type of disease (Figs. 1 
and 3).
A bronchogram revealed no abnormality (Fig. 2 ). Angiocardiography showed a spasm at the level of the superior vena cava and abnormal arborization of the pulmonary arteries. Investigation of respiratory function revealed pulmonary insufficiency (Tables 1 and 2) .
These findings and the exclusion of any other probable disease enabled us to diagnose pneumoconiosis due to talc. . s i S 1l l -_|.~~~~m o t t l i n ga nd tumour-like appearances characteristic of talcosis.~. (Fig. 6 ). All the sputum tests were negative for M. tuberculosis. The sedimentation rate in the first hour was 22, in the second hour 36, and by the twenty-fourth hour 72. Pulmonary function studies showed impaired function (Tables  1 and 2 ).
Case 6.-S. Sof. was a 35-year-old mill worker who had been in the talc factory for 22 months. Symptoms began 18 months after starting work in the factory. He complained of gradually increasing dyspnoea of effort, paroxysmal cough, and expectoration. Bodies made of talc were found in the sputum.
Clinical examination in April, 1953, revealed scattered areas of bronchial breathing and rales in both lungs. All sputum tests were consistently negative for M. tuberculosis. The chest radiograph revealed bilateral mottling especially in the right lung. The sedimentation rate in the first hour was 18, in the second hour 25, and in the twenty-fourth hour 42. Pulmonary function was impaired (Tables 1 and 2 ). Case 7.-G. Phr. was a 42-year-old mill mechanic who had been in the talc factory for 40 months. Symp-* The pathological findings will be reported separately in detail by Dr. Melissinos. toms began 28 months after starting work in the factory when cough with a small amount of sputum and slight dyspnoea of effort appeared.
Clinical examination in January, 1953, revealed no abnormality. The chest radiograph showed reticulation and scattered mottling in both lungs. All sputum tests were consistently negative for M. tubercvlosis. The sedimentation rate in the first hour was 14, in the second hour 28, and by the twenty-fourth hour 36.
Pulmonary function was impaired (Tables 1 and 2 ). Case 8.-S. Les. was a 38-year-old mill worker who had been in the talc factory for 16 months. He first experienced symptoms a few months before examination with the onset of dyspnoea on exertion, cough, and mucopurulent expectoration.
Clinical examination in June, 1953, revealed bronchial breathing in the upper lobes and a few sibilant rhonchi. The chest radiograph showed reticulation and confluent mottling in both lungs All sputum tests were consistently negative for M. tuberculosis. The blood sedimentation rate in the first hour was 15, in the second hour 24, and by the twenty-fourth hour 42.
All the cases appeared by clinical, radiological, and laboratory examinations to be pneumoconiosis due to talc developing after an uncommonly short interval of exposure. The condition may have been due to the unusually irritating effect of inhalation of talc powder and to unhygienic working conditions.
Conditions in Talc Factories
The patients described above were working in either one or the other of the two talc factories in the Piraeus. One of these factories, that at Alav, obtained its raw material from the island of Tinos, the other, at Eviex, from the mountain Hymetos. The factories are old buildings, poorly ventilated, without any system of air conditioning. A permanent cloud of talc particles permeates the air. The workers remain in this atmosphere for eight-hour shifts, some of them working 16-hour shifts, as both factories are open day and night. Some of the workers, who slept on the premises near the mills, were exposed to a talc-laden atmosphere during sleep.
The manufacture of talc in these factories consists in breaking the raw material, soapstone, into smaller pieces by machinery or by hand. The smaller pieces are pulverized or powdered by an electric mill and the powder is then shovelled into sacks by collectors.
The employees do not wear masks or protective clothing and therefore inhale large quantities of talc powder and after some hours' exposure can remove thick crusts of talc from the mouth and nostrils. All the workers alternated on the different stages of the work.
All lighting is artificial as daylight cannot enter through the closed doors and windows.
There are no recreation rooms or bathing facilities for the workers and they spend their rest periods in the same atmosphere as that in which they work.
The concentration of talc in the atmosphere was estimated with a Zeiss konimeter in different areas. Samples were taken from an area in the vicinity of the mills, from the stores, from the transport area, from the vicinity of the grinder. The results are shown in Table 3 .
About 18 samples of air were taken from Eviex and 14 from Alav. In eight samples of air from the vicinity of the mills and from the transportation area at Eviex it was impossible to make a count because the concentration of talc in the atmosphere was too high and innumerable particles were found on the plaque of the Zeiss konimeter. In the other 10 samples the number of talc particles per litre of air was between 410,000 and 2,150,000.
In two samples from the area near the mills at Alav the talc particles were also too many to count. In the other 12 samples the talc particles per litre of air were between 730,000 and 1,925,000 (Table 3) . 
Studies of Pulmonary Function
The studies of pulmonary function consisted of spirographic examination, clemical analyses of blood, and the determination of the carbon dioxide and oxygen content of the alveolar and the expired air.
The estimations were made with a Benedict spirograph, a Van Slyke's manometric apparatus for blood gas analysis, and the Orsat apparatus for air analysis, and were carried out according to recognized methods (Van Slyke and Neill, 1924) . Some of the estimations were carried out both at rest and after exercise. The exercise consisted of stepping up and down 30 times in one minute on to a stool 20 cm. high.
The formula (Coumand and others (1947) used for calculating the predicted values was maximum breathing capacity (1./min.) = 186-5 -(0-522 x age in years) X body surface area (sq. m.). The patient's surface area was determined from his weight and height by the Du Bois nomogram.
Analysis of Findings
As is shown in Table 2 the values for the arterial blood oxygen at rest in Cases 2 and 7 were substantially lower than normal values, and for arterial blood oxygen saturation at rest in Cases 1, 2, and 7 substantially lower than normal. In all the cases the values of the arterial blood oxygen content and the arterial blood oxygen saturation after exercise were found to be much lower than normal. There was a 47 group.bmj.com on June 29, 2017 -Published by http://oem.bmj.com/ Downloaded from definite correlation between these values and the extent of the radiological appearances.
In all cases the transfer gradients were found to be higher than the normal values. Those cases with the more extensive disease had higher transfer gradients. This may be attributed to the inequality of the distribution of oxygen throughout the pulmonary parenchyma owing to the unequal alveolar aeration and the unequal diffusion of air.
As is shown in Table 2 the oxygen consumption decreased with the increase in the extent of pulmonary disease. This may be due to the decreased volume of the air per minute being utilized owing to the destruction of the pulmonary parenchyma and inadequate hyperventilation. The ventilation per minute per square metre of body surface was found to decrease correspondingly with the increase in the extent of disease shown radiologically. The decrease might have been due to insufficient compensatory hyperventilation.
In all our cases the vital capacity was found to be decreased by 19% to 64% of the predicted values ( Table 2 ). The maximum breathing capacity (M.B.C.) was found to be decreased by 18% to 71% of the predicted values. The greater the extent of pulmonary disease the greater was the variation from the predicted values. In six of our cases the ventilation per minute per square metre of body surface at rest was found to be increased above the normal values (Table 2) . We are of the opinion that this increase is a compensatory mechanism to combat the destruction of pulmonary tissue.
Discussion
Our cases developed talcosis after a short exposure to talc. Exposure in Cases 1, 2, 4, 5, 6, and 8 varied from 16 to 24 months, and in Cases 3 and 7 from 40 to 60 months. Clinical signs of pneumoconiosis were produced within these periods, and radiological signs, such as scattered mottling of the lungs, in some cases becoming confluent, and "tumour-like" appearances, whichwere demonstrated in three of our cases, were evident within short periods of exposure. The " tumour-like" appearances are indicative of advanced stages of talcosis. The extent of the disease shown radiologically varied with the time of exposure to the talc-polluted atmosphere and also with the extent of the pollution. Cases 1, 2, 3, and 5 had extensive disease, and worked in a heavily polluted atmosphere for varying times. Case 7, who worked as a mechanic for 40 months, was not exposed to such a heavy talc pollution of the atmosphere as the others and his disease as shown radiologically was not so far advanced.
Follow-up, clinically and radiologically, showed rapid progression of the disease. Radiographs taken at intervals revealed in some cases that the disease progressed from nodule type to " tumour-like" type and there was also a rapid clinical deterioration. One of our patients rapidly deteriorated and died with symptoms of severe pulmonary failure (Case 3).
Our observations allow us to state that pneumoconiosis due to talc is a definite disease. Our findings are not in agreement with those of Sorell and others (1943) who, basing their claims on experimental work, state that talc powder cannot produce the pneumoconiotic plaques which are found in silicosis. These workers were never able to produce experimental pulmonary fibrosis due to talc. For this reason they claimed that pulmonary fibrosis cannot be produced by inhalation of talc if the lung tissue is healthy. They, however, suggested that if pulmonary tuberculosis or other disease which disturbs the bronchial excretion is present, then prolonged exposure to talc may produce talcosis.
More recent research has shown that there is such a clinical entity as talcosis. Our observations confirm more recent work (Gardner, 1938; Policard, 1940; Parmeggiani, 1948; Bruusgaard and SkjelbredKnudsen, 1949; McLaughlin and others, 1949; Baader, 1950) and encourage us to accept the fact that talc can produce a fibrotic pneumoconiosis with functional disturbances.
In our cases the radiological appearances of talcosis were similar to those of silicosis. The lung fields in early cases showed mottling and in more advanced cases " tumour-like " appearances such as are commonly found in silicosis. This agrees with the findings of Pruvost (1946) but Nuck and Szcepanski (1939) describe linear shadowing on the x-ray appearance such as is found in asbestosis. We attribute the characteristic x-ray appearances to the rapid progression of the disease and the appearance of lesions in both the interstitial pulmonary tissue and pulmonary parenchyma. Fletcher, Mann, Davies, Cochrane, Gilson, and Hugh-Jones, (1949) suggested that secondary tuberculosis is responsible for the " tumour-like " x-ray appearances. In our cases, some of which had these " tumour-like" appearances, there was no evidence of secondary tuberculosis, but it is known that cases of progressive massive fibrosis in coal miners have repeatedly negative sputa for M. tuberculosis in spite of the fact that pathological examination revealed tuberculosis.
We are of the opinion that the " tumour-like" appearances on the radiographs of some of our cases was due not to fibrosis alone but to concretions 48 group.bmj.com on June 29, 2017 -Published by http://oem.bmj.com/ Downloaded from of talc obstructing the bronchioles and causing areas of atelectasis, this being responsible for a further secondary fibrosis which results in increasing the fibrotic tissue already present due to irritation of the pulmonary parenchyma by the inhalation of talc.
The rapid development and progression of pneumoconiosis due to talc in our cases must be attributed to the lack of preventive measures taken against the inhalation of the powder, to the high concentration of talc particles in the atmosphere with a diameter of 5 ,t or less, and also to the high content of silicates in the talc as shown by analyses. Chemical analyses of our talc samples have shown that there is no free silicic acid in this talc. According to the majority of writers free silicic acid is the causative factor in the production of silicosis.
Our analyses of pulmonary function studies are indicative generally of several degrees of impaired pulmonary function. The results of the analysis of these findings suggest that ventilatory as well as alveolar respiratory insufficiency was present. It is possible that the fibrotic changes found in talcosis produce changes in alveolar aeration and perfusion. It is evident that this is an important factor in the production of pulmonary insufficiency.
Summary
Eight cases of talcosis occurring in mill workers and developing after an unusually short exposure to talc are described.
The radiological appearances and clinical findings in these cases were similar to those found in silicosis.
The chemical analyses of samples of talc powder did not reveal the presence of free silicic acid. It was evident that the gross pollution of the air in the factories and the small diameter of the talc particles were the main contributory factors in the production of talcosis.
Talcosis may be considered a type of fibrotic pneumoconiosis accompanied by functional disturbances.
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